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This Appeal Brief is nied pursuant lo ihe ''Notice of Appeal to the Bo^rd of Patent 
Appeals and Inierfercnces" filed November 14, 2005. 

1 - Real Party in Jnt&resL 

The real party in intercst in this appeal is Encelle, Inc., the assignee of the above- 
referenced patent application. 

2. Related Appeals and hUerferences. 

There arc no related appeals and/or interferences involving this application or its subject 

matter. 

3. Status of Claims. 

Claims 1-55 are pending and all claims stand rejected as unpatentable over two separate 
combinations of three prior arl references as set forth in greater detail below^. Additionally, 
claims 1-29, 31-42, 46-48, 50, 51 , 54. and 55 stand rejected under an obviousness-type double 
patenting rejection over a combinution of tliree references. All three rejections ore appealed 
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4. SfaUiS of Amendments. 

All claim ameiidraenls presented during prosecution were entered and are set forth in the 
clean copy of the pending claims appended to the brief. Claims ] , 32, and 48 have been 
amended once during prosecution. Claims 52-55 were added during prosecution, 

5. Summary ofClaimeil Subject Matter. 

It has heen discovered that (he hyarogel matrix set forth in the claims is capable of 
successfully treating and healing chronic ulcers, such as ulcers resulting from diabetes-related 
vasculoncuropathy. Although ulcers of this type are often resistant to conventional wound 
treatments, the method of the present invention can heal chronic lesions or ulcers in a matter of 
days or weelcs. The present invention typically involves the administration of a therapeuMc 
amount of a hydrogel matrix comprising e<^lalin and a long chain carbohydi-ate to the ulcer in a 
manner thai exposes polar groups of the basement membrane of the patient*s tissue to the 
components of the matrix (e.g., by injection). 

Independent claim 1 is directed to a method of treating an ulcer, the method comprising 
administering a therapeutic amount of a hydrogel matrix in liquid form to the ulcer, the matrix 
composition comprising gelatin and a long chain carbohydrate. The gelatin component of the 
matrix is described on pages 6-7 ofihe application and the long chain carbohydrate component \% 
described on page 7. Preferred matrix ingredient concentrations and a method of making the 
matrix are set forth on page 9, and an exemplary treatment/administration protocol is set forth on 
pages 10 and 11. An illustrative list of ulcers that can be treated is set forth on page 6. 

Independent claim 32 also recites a method of treating an ulcer, the method comprising 
administering a therapeutic amount of a hydrogel mati'ix to the ulcer, the matrix composition 
comprising denatured collagen, dextran, and an effective amount of polar amino acids selected 
from the group consisting of arginine, lysine, histidine, glutamic acid, aspartic acid, and mixtures 
thereof. Denatured collagen is a form of gelatin, and is discussed on page 6, Dextran is an 
exemplary carbohydrate discussed on page 7. The addition of polar amino acids is described on 
pages 7-8, tmd their effect is illustrated in Fig. 3. 
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Independent claim 48 is directed to a method of treating an ulcer comprising 
administering a therapeutic amount of a hydrogc) matrix in liquid form to the ulcer, the matrix 
composition comprising denatured collagen, dexlran, L-cyjsteine, and an effective amount of 
polar amino acids selected from the group consisting ofargininc. lysine, histidinc, gUitamic acid, 
aspartic acid, and mixtures thereof. The use of cysteine as an addiuve is set forth on page 8. 

Finally, independent claim 52 recites a method of treating an ulcer, wherein the method 
comprises administering a therapeutic amount of a hydrogel matrix in liquid form to the ulcer, 
the matrix composition comprising gelatin> a long chain carbohydrate having a molecular weight 
of about 20,000 to about 1.000,000 Dalions. and at least one polar amino acid, wherein said 
administering step comprises injecting tlie matrix into one or more locations selected from the 
group consisting of locations within the ulcer, locations around the periphery of the ulcer, 
locations underneath tlie ulcer, and combinations tliereof Suggested injection locations are 
described on pages 10 and 11, and in Example 3. 

6. GtQunds of Rejection w be Reviewed on Appeal, 

All claims remain rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination of either U.S. Patent No. 6,23 1 .88 1 to Dsala or PCT Application No. WO 00/02999 
to Usala in view of the Miller reference (J, Dennatol Surg. Oncol, 1993), and in Anther view of 
either the Davis (U.S. 5,487,899) or Pickart (U.S.S,0S9,588) patents. Additionally, a majority of 
the claims remain rejected under the judicially created doctrine of obviousness-type double 
patenting as being patentable over the claims of U.S. Patent No. 6,261 j5 87 in view of the Miller 
reference, and in further view of either Davis or Pickart. The '881 patent, the '587 patent, and 
the cited PCT application are collectively referred to as "the Usala references" hereinbelow. 
Appellant respectfully requests that the Board overturn all three rejections for the reasons set 
forth below. 
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7. ArgmuefU, 

The Examiner avBLics that the Miller reference implies thai "granulation and 
reepiihelializaljon of an ulcer is desired," aiid further relies upon the Miller reference as leaching 
that agents ihul encourage wound heahng can he used in the treatnaent of ulcers. The Examiner 
concludes that vascularization would be viewed, based on the Miller reference, ay a benellcial 
treatment of ulcers because it is a "beneficial effect in granulation of tissue fomialion." The 
Examiner relies upon the Davis aitd Pickait references as teaching that blood vessel formation is 
an aspect of granulation tissue Ibrmalion. 

To establish a prima facie case of obviousness, three basic criteria must be met. First, 
there must be some suggestion or motivation cither in the references themselves, or in the 
knowledge generally available to one of ordinary skill in the art, to modify the reference or to 
combine reference teachings. Sticond, there must be a reasonable expectation of success. 
Finally, the prior art reference (or references when combined) must teach or suggest all the claim 
Clements, Tlic suggestion to make the claimed combination and the reasonable expectation of 
success must both be found in the prior an and not based on the applicant's disclosure. In re 
Vaeck, 20USPQ2d 1438 (Fed. Cir. 1991), 

Tl is respectfully submitted that the Examiner has failed to establish a prima facie case of 
obviousness necessary to support all three of the rejections of record. Tn particular, the Examiner 
has failed to show a proper suggestion or motivatioji to combine the references in the manner 
contemplated by the rejection, failed to show a reasonable expectation of success, and failed to 
provide a combination of references that teach every claim limitation of every rejected claim. 

L Lack of IVTotiviition to Combine 

There is nothing in the cited art to suggest the combination of any of the Usala references 
with tbe Miller reference. As admitted by the Examiner, the '881 patent is entirely silent as the 
treatment of any soil of ulcer. Rather, the Llsala '881 patent is directed to a device for release of 
honnones. The '88 1 patent merely suggests that the matrix composition can increase 
vancularization. Similarly, the ciied Usala PCT application is directed to a matrix for long-tenn 
proliferation of cells and simply mentions that the matrix may promoie vascularization at a 
transplant site. There is no mention of trcaiment of any type of ulcer. The Usala '587 patent 
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claims a method or$timulating vascularization, bul does not mention treatment of ulcerated 
tissue. Thus, there is clearly no teachinfi in the Usala references that might motivate one of 
ordinary skill in the art to combine Ihosc references with the Miller reference. 

The Miller reference also fells to provide the necessaiy motivaiion to combine, and in 
particular, cannot be fairly viewed as motivatinfi the use of the matrix of the Usala references in 
an ulcer treatment protocol. The Mi Her reference stresses the need for separate treatjncnt 
proiocols for the two main classes of diabetes-related ulcers; namely, ischemic ulcers and 
neuropathic ulcers. The Miller reference describes the ischemic ulcer as "secondary to vascular 
compromise** and notes that "without reconstructive vascular suraerv ." the chances of healing is 
poor and amputation inevitable (page 759, second colunm. first full paragraph) (emphasis 
added). Similarly, the Miller reference suggests that an ischemic foot can be ti-eatcd with vein 
gran reconstaiction (page 760, first paragraph). 

With respect to neuropathic ulcers, the Miller reference actually leaches away from 
vascularization-rclated treatments by suggesting that it is mistaken to consider occlusive small 
vessel disease as having a significant role in chronic nonhealing neuropathic ulcers (page 759, 
last paragraph). Miller suggesiji thai "intrinsic microvascular disease" is not a major etiologic 
factor in the neuropathic foot (page 760, first pai-agraph). 

Thus, the Miller reference merely suggests that in certain ulcers, specifically ischemic 
ulcers, vascular repair in the fonn of reconstructive vascular surgery is required to avoid 
amputation. For the treatment of neuropathic ulcers, the Miller reference suggests tissue 
debridement and relief from pressure at the site of the ulcer and te^ichcs awav from vascular- 
related therapies. 

As noted above, at best, the Usala references can be viewed ajs suggesting that the matrix 
described therein can promote formation of microvasculature. However, the Miller reference 
fails to teach or suggest that a treoiment involving microvascular fonnation would be suitable for 
ulcer treatment. With respect to neuropathic ulcers, the Miller reference expressly discounts tl)e 
suggestion that microvascular disease is an etiologic factor and, thus, teaches away from 
vascular-related treatments. The "vascular repair" language relied upon by the Examiner is only 
used by Miller in reference to the treatment of ischemic ulcers secondary to major vascular 
compromise in the foot. Miller stresses that the type of vascular repair that is required is 
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reconsta^ctive vasciitar siirKery, and there is nothing in the Miller reference that would suggest 
that a microvasculature-formine matrix would bts helpful in the least. Thus, there is no teaching 
or suggestion in the Miller reference, when considered singly or in combinalion with the Usala 
references, that a matrix comprisinfi gelatin and 3 Jong chain carbohydrate would be suitable for 
ulcer treatnient. 

In response to Appellant's previous arguments, the Examiner has taken the position that 
the Miller article teaches that an ulcer heals through tissue granulation and reepitheliali2ation and 
has alleged that the Miller reference sugfiesis numerous agents that can be administered to the 
ulcer to provide an optimal environment for healing. The Examiner goes on to allege that the 
Miller reference teaches that antibiotics and growth factors result in the stimulation of 
granulation of tissue, and that it is well known that granulation of tissue consisUs of new blood 
vessel foriTiation, fibroblast activity, and recpithelia]ization> as evidenced by Davis or Pickart. 
The Examiner concludes that one of ordinary skill in the art would be motivated by the Miller 
reference to use the hydrogcl matrix of the Usala references of record to treat diabetic foot ulcers 
because, based on the prior art, "one would expect vascularization to lead to granulation of the 
tissue and ultimate treatment of the ulcer." Appellant respectfully traverses thi$ line of 
reasoning, and particularly traverses the statement quoted above. 

Appellant respectfully submits that the Miller reference would not be viewed by one of 
ordinary skill in ihe ait as providing motivation to u$e the hydrogel matrix described in the Usala 
references in tlie treatment of a diabetic ulcer. While the Examiner is couect that page 761 of 
the Miller reference contains a single sentence that addresses granulation tissue and 
rccpithelialization, the reference only mentions ihose effects as a consequence of surgical 
debridement of necrotic tissue. This specific sentence referred to on page 761 by the Examiner 
states that "[n]ecrotic tissue and callus must he completely excised to provide a clean ulcer base 
in preparation for a granulation tissue and reepithelialization," Tlie only motivation that this 
sentence provides to one skilled in the art is to utilize tissue debridement as a means for 
preparing an ulcer for granulation tissue and reepithelialization. There is no mention on page 
761 of any other ulcer treatment that is designed to have any effect on granulation tissue or 
reepilhelialization. Thus, the teachings on page 761 are irrelevant to the presently claimed 
invention. 
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The teachings relied upon by the Examiner on page 762 are likewise inrelevant lo the 
present invention. The Examiner slates that the Miller reference teaches that "antibiotics and 
growth factors'' result in stimulation of granulation of tissue. However, this is not entirely 
accurule. Page 762 of the Miller reference teaches that a moist environment promotes 
reepitheliali/alion. For that reason, the Miller reference teaches the use of moist saline 
dressings, the use of antibiotics to prevent desiccation of the wound base, and benzoyl peroxide 
to promote a moist antiseptic wound bed. The Miller reference focuses on treatments designed 
to keep the wound moist and never stales that antibiotics directly lead to reepitheliali/ation or 
granulation tissue. Page 762 of Miller does state that benzoyl peroxide "might" stimulate 
granulation tissue, but such an ambivalent statement can hardly be expected to motivate one of 
ordinary skill in the art in any way meaningful to the present invention. The only teaching in 
Miller regarding gi-owth factors is a single sentence that states that such factors attract fibroblasts 
and other cells involved in the early phases of wound healing- The reference does not state that 
growth factors lead to tissue granulation. 

Thus, it is respectfully submiUetl that the Examiner appears to have described the 
teachings of the Miller reference in overly broad terms. There is clearly no express teaching in 
the Miller reference that would suggest that an agent that increases vascularization would lead to 
granulation of tissue and ultimate treatment of an ulcer. In fact, the Miller reference fails to 
suggest or describe any ulcer treatments that lead to vascularization and does nothing to indicate 
that such treatments would be helpful. 

The Examiner goes on to rely upon either the Davis or Pickart patents as teaching thai 
granulation of tissue consists of new blood vessel formation, fibroblast activity, and 
reepiiheliaUzation. ilowcvcr, these teachings fail to address the deficiencies of the Miller 
reference. Davis and Pickart merely describe the cascade of events involved in wound healing 
and note that fomiation of blood vessels is only one aspect of granulation tissue formation. The 
Davis and Pickart references suffer from the same deficiency as Miller. Tiiere is nothing in 
either Davis or Pickart lo suggest that stimulation of microvasculature by itself will stimulate 
wound healing. As noted in both references, granulation tissue formation involves ot her 
processes, such as fibroblast activity and reepithelralization. There is no suggestion in either 
reference thai stimulation of blood vessel formation alone will automatically triggtsr the 
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remuinine vvound healing processes (i.e., fibroblast activity or r^epitheliolizatfon) that are 
necessary for tissue granulation. Thus, the art of record simply does not support the Exsmincr's 
statement thai vascularization would be expected to lead to tissue granulation. 

hi sum, Appellant again emphasizes that none ofthe references of record leach or suggest 
that improving microvasculature would necessarily result in stimulation of the wound healing ' 
process, particularly in the context of chronic ulcer treatment. The Miller reference does not 
even mention microvasuulature formation at all. In light of these deficiencies ofthe cited art. 
Appellant respectfully requests thai the Board overturn all rejectioiis noted above. 

Appellants also note that the Exammer twice mentions that Appellant's arguments 
address distinctions not found in the claims. First, in the office action dated 1 1/30/04, ihe 
Examiner notes that Appellants make a distinction between neuropathic ulcers and ischemic 
ulcers, but opines that the distinction is not embodied in the claims. Second, in the advisory 
action dated 12/30/05, the Examiner states that the claims are open to any ulcer, but Appellants 
arguments are concentrated on diabetic foot ulcers. It is not clear to Appellant why the Examiner 
has raised these points. The claims of record include claims that more specifically recite 
trealment of ulcers resulting from diabetes-related vasculoneuropathy (claim 53) and treatment 
of diabetic foot ulcers (claim 46). However, the Examiner has applied the same rejections to 
these claims- If the Examiner views such claims as patentable over the art, it is requested that the 
Examiner indicate their allowability on the record. 

II. Lack of Rensonable Expectation of Success 

Appellant also respectfully submits that the Examiner has failed to establish that one of 
ordinary skill in the art would have a reasonable expectation of success ifthe references of 
record are combined as contemplated in the rejections. Appellant has submitted credible 
evidence that strongly suggests that the Examiner has not, and in fact cannot, show the requisite 
reasonable expectation of success needed to support the Examiner*s contention that the 
combined teachings ofthe references motivate one to use any vascularizing agent to treat 
diabetic foot ulcers. 
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The Examiner cannot point to so much as a single sentence \\] the Miller reference that 
directly suggests that an agent that encourages vascularization would be beneficial in an ulcer 
treatment regime. Instead, the Examiner hiis seized upon sialements in Miller vegarding the 
desirability or tissue granulation and boldly proclaimed, in essence, tliat the art suggest that any 
agent that encourages vascuhirization would be beneficial in ulcer trcatmenL In an attempt to 
fuiHier bolster this claim, the Examiner points to Davis and Pickart, which merely teach that 
blood vessel fomiation is one aspect of granulation tissue fomiaiion. 

The ail relied upon by the Examiner simply fails to credibly suggest tliat a 
vascularizalion-inducing agent would have a reasonable expectation ofsuccess as an ulcer 
treatment. There is no reference of record directly connecting a vascularization eflcct with 
successful treatment of an ulcer. There is also no reference of record that suggests that 
encouraging vasculan'^aiion will lead to granulation of tissue. Tlie Pickart and Davis references 
only teach that blood vessel formation is one event that characterizes granulation of tissue. 
There is nothing to suggest in either reference that encouraging blood vessel fomiation will result 
in tissue granulation, meaning that the vascularization effect will necessarily also trigger the 
remaining wound healing processes, such as fibroblast activity or recpithelialization. that are 
necessary for tissue granulation. The art of record simply does not support the Examiner's 
stateracni that inducement of vascularization, by itself, would lead to tissue granulation or would 
be reasonably expected to be successful as an ulcer treatment. 

Tf the Examiner's contention is correct, which Appellant does not admit, then one of 
ordinary skill in the art would view any vascularizing agent as abenoficiul treatment for ulcers. 
However, the state of the art is clearly inconsistent with this conclusion. Tn fact, there is at least 
one kjiown vascularizing agent that has been tried as a diabetic foot ulcer treatment and failecj . 
In Chapter 1 8 of Levin and O'Neal's '*Tlie Diabetic Foot" (6'*^ Edition), David Steed notes in 
Chapter 18 (entitled Modulating Wound Healing in Diabetes) that fibroblast growth factors 
(FGFs) '*act as angiogenesis factors by stimulating growth of new blood vessels through 
proliferation of capillary endothelial cells" (p. 399). However, Steed goes on to admit that there 
arc "no clinical trials that have proven FGF to be of benefit in clinical wound heah'ng." 
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In addition, Appellants direct attention lo the Richard ei ah reference appearinfi in a 1 995 
issue of the journal Diabetes Car&. In the Richard reference, a study of the use of FGF as a 
treatment for chronic neuropathic foot ulcers in diabetic patients is described. As noted on the 
first page (p, 64), the researchers noted that FGF performed no better tjian a placebo in reducing 
ulcer perimeter and area, and concluded that application of FGF has no advantage over a placebo 
for healing chronic neuropathic diabetic ulcers of the foot. Thus, Appellants have presented 
prior art evidence that is clearly contrary to the Examiner's conclusion that any vascularizing 
agent would be expected to succeed as an ulcer treatment. In fact, FGF ia a vascularizing growth 
factor that has failed as a diabetic foot ulcer treatment. This clearly establishes that one of 
ordinary skill in the an, having benefit of the knowledge of the FGF failure, would not expect 
each and every agent capable of triggering vascularization to automatically find success as an 
ulcer ireannent. In fact, one of ordinary skill in the art would be highly skeptical of such a claim. 
As a result, prima facie obviousness clearly cannot be established using the rationale and 
combination of references relied upon by the Examiner. 

fn the advisory action, the Examiner pointed to two other studies mentioned on page 67 
in the Richard reference ihat supposedly support his claim. In one, a complex mixture of 
numerous ingredients significantly improved healing of clironic diabetic ulcers. However, no 
conclusion related to the rejections of record can be drawn from this study since there is no way 
to determine if the perceived healing effect is at all linked to a vascularizing agent, in the second 
study noted by the Examiner, bFGF was reported to enhance wound healing "slightly, but 
nonsipnificanily " (emphasis added). The Examiner conveniently left out the word 
"nonsignificantly" from his description in the advisoiy action. This study hardly supports the 
rejections of record, particulariy in light of the abysmal findings of the maia study reported in the 
Richiird reference. Viewing the Richard reference as a whole, the inescapable conclusion is that 
the use of growth factors such as bFGF to treat clironic diabetic wounds is nothing more than 
unproven and "controversial" (page 67, middle column), and even the authors conclude that the 
profound healing defect of diabetes may explain the failure of bFGF to demonstrate beneficial 
effect (page 68). 
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When viewed iu its entirety, the available art simply does not support the Examiner's 
obviousness rationale. There is nothing thui would render obvious the use of the vascularizing 
agent of the Lfsala references in the treatment of a diabetic ulcer, and in particular, there is 
notlaing to provide one of ordinary skill in the art with the reasonable expectation of success 
required to support the rejections of record- 

IIL Vmlnre to Teach or Suggest All Claim Limitations 

Claims 45» 49, 52, and 53 recite that the matrix is injected into one or more locations selected 
from the group consisting of locations within the ulcer, locations around the periphery of the 
ulcer, locations underneath the ulcer and combinations thereof. Claim 54 recites that one or 
more injections of the matrix are made in the area of the dermal/subdermal tissue junction. None 
of the references of record teach or suggest injecting an ulcer with a hydrogel matrix, and 
certainly fail to suggest any of tlic specific injection locations set forth in the above claims. 
Further, the Examiner has not adequately explained how the references of recoi-d can be applied 
to the above claims. For this additional reason, Appellanl respectfully requests overturning the 
rejection of the above-referenced claims, 

S, Claims A ppen dix* 

An appendix containing a copy of the claims involved in the appeal is attached. 

9, Evidence Appendix- 

Two literature references have been submitted lo the Examiner, and are discussed herein: 
Richard et ai. Diabetes Care, Vol 1 8, No. 1, pages 64-69 (1995) and The Diabetic FooL Sixth 
Ed., Chapter IS, pages 395-403 (2001). Copies are enclosed. 

10. Related Proceeditigs Appendix, 

There are no decisions by a court or the Board in related proceedings. 
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CQNCLUSTON 



In view orihe foregoing nvguinents, Appellain respeclftiUy submits that Claims 1-55 are 
patentable over the cited references. A decision from the Board of Patent Appeals and 
Interferences reversing the final rejection of the pending claims is therefore earnestly solicited. 
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Page 1 3 

CLAIMS APPENDIX 

1 . (Previously Presented) A melhod of tveating an ulcer, comprising mlministering a 
therapeutic amount of a hyclroecl matrix in liquid form to the ulcer, the matrix composition 
comprising gelatin and a long chain carbohydrate. 

2. (Original) Tlie method of Claim I, wherein the matrix comprises about 0.01 to about 
40 mM gelatin. 

3. (Original) The method of Claim 1, wherein the gelatin comprises denatured ml lagen. 

4. (Ori^inpl) The method of Claim I, wherein the long chain cartiohydrate comprises 
dextran. 

5. (Original) The method ofCJaim 4, wherein the matrix comprises about 0.01 to about 
10 mM dextran. 

6. (Original) The method of Claim I, wherein the long chain carbohydrate has q 
molecular weight of about 20,000 to about 1,000,000 Daltons, 

7. (Original) The metliod of Claim 1, wherein the niatrix further comprises an effective 
amount of polar amino acids selected from the group consisting of argininc, lysine, histidine, 
glutamic acid, and aspartic acid. 

8. (Original) The method of Claim 7, wherein the effective amount of polar am ino acids 
comprises about 3 to about 1 50 mM of polar amino acids. 

9. (Original) The method of Claim 7, wherein the effective amount of polar amino acids 
comprises about 1 0 to about 65 mM of polar amino acids. 
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10. (Original) The jncthod orClaini 7, wherein the polar amino acids are selected from 
the group consisting of arginine, glutamic acid, lysine and mixtures thereof, 

1 L (Original) The method according to claim 10, wherein the matrix comprises: 
about 2 to about 60 mM of U-ghitamic acid; 
about 0.5 to about 30 mM of L-lysine; and 
about 1 to about 40 mM of nrginine. 

1 2. (Original) The method of Claim 1 1 , wherein the matrix comprises: 

about 5 to about 40 mM of L-glutanuc acid; 
about 1 to about 15 mM of L-lysine; find 
about I to about 30 mM of argininc. 

1 3. (Original) The method according to claim 1 0, wherein the effective amount of polar 
amino acids comprises about 2 to about 60 mM of L-glutamic acid. 

14. (Original) The method according to claim 10, wherein the effective amount of polar 
amino acids comprises about 1 to about 40 mM of arginine. 

1 5. (Original) The method of Claim 10, wherein the effective amount of polar amino 
acids ctimprises about 0.5 to about 30 mM of L-lysine. 

16. (Original) The met!)od of Claim I , wherein the matrix further comprises at least one 
nitric oxide inhibitor. 

17. (Original) The method of Claim 16, wherein the nitiic oxide inhibitor is selected 
from the group consisting of L-cysteine, L-arginine analogues, cystine, heparin, and mixtures 
thereof 
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iS. (Original) The Tjielliod of Claim 16, wherein the nitric oxide inhibilx)r is present in 
an amount ofabout 5 to about 1 000 ;iM. 

1 9. (Original) The method of Claim 16, wherein the nitric oxiUe inhibitor is present in 
an amount ofabout 20 to about 200 fiM, 

20. (Original) The method of Claim 1, wherein the matrix Turther comprises about 5 lo 
aboui 500 /iM oTL-cysteine. 

21. (Original) The method of Claim 20, wherein the matrix comprises about ]5 to about 
25 fjM of cysteine. 

22. (Original) The method of Claim 1 , wherein the matrix further comprises about 5 to 
about 500 /iM of an L-acginine analogue. 

23. (Original) Tlie method of Claim 22, wherein the L-arginine analogue comprises 
aminoguanidine, 

24. (Original) The method of Claim 22, wherein the matrix comjirises about 15 to about 
25 (iM of an L-argininc analogue. 

25. (Original) The method of Claim I. wherein the matrix further comprises a 
superoxide inhibitor. 

26. (Original) The method of Claim 25, wherein the superoxide inhibitor comprises 
EDTA or a salt thereof 

27. (Original) The method of Claim 25, wherein the superoxide inhibitor is present in an 
amount ofabout 1 to about 8 mM. 
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28. (Original) The method of claim 1 , wherein the gelatin comprises dejiatured collagen 
and the long chain carbohydrate comprises dextrata, 

29. (Original) Tlie method of Claim i, wherein said gdmiliistering step comprises 
injcctinfi the matrix iiHo one or more locations sclecied fi'om the group consisting of locations 
within die ulcer, locations around the periphery of the ulcer, locations underneath the ulcer and 
combinations thereof. 

30. (Original) llic method of Claim 1. wherein the therapeutic amount comprises about 
1,0 to about 60 ml. 

31. (Original) ^flie method of Claim 1, wherein the ulcer is a diabetic foot ulcer, 

32. (Previously presented) A method of treating an ulcer, comprising adminjsteiiiig » 
therapeutic amount of a hydrogel matrix to the ulcer, the matrix composition comprising 
denatured coUagcn, dcxtran, and an effective amount of polar amixio acids selected from the 
group consisting of arginine, lysine, histidine, glutamic acid, aspartic acid, and mixtures thereof 

33. (Origiiial) The method of Claim 32, wherein the effective amount of polar amino 
acids comprises about 3 to about 150 mM of po)ar amino acids. 

34. (Original) The method of Claim 33, wherein the effective amount of polar amino 
acids comprises about 10 to about 65 mM of polar amino acids. 

35. (Original) The method of Claim 32, wherein the polar amino acids are selected from 
the group consisting of arginine. glutatnic acid, lysine and mixtures thereof 

36. (Original) The method according to claim 35, wherein the matrix comprises: 

about 2 to about 60 mM of L-glutaniic acid; 
about 0.5 to about 30 mM of L-lysine; and 
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ubom 1 to about 40 mM of arginine. 

37. (Original) The method of Claim 32, wherein the matiix further comprises at least 
one nitric oxide inJiibitor. 

38. (Original) The method of Claim 37, wherein the nitric oxide iirlribitor is selected 
from the group consisting of L-cysteine, L-arginine analogues, cystine, heparin, and mixtures 
thereof 

39. (Original) The method of Claim 37, wherein the nitric oxide inhibitor is present in 
an amount of about 5 to about 1000 /xM. 

40. (Original) The method of Claim 37, wherein the nitric oxide inhibitor is present in 
an amount of about 20 to about 200 (jM^ 

41 . (Original) The method of Claim 32, wherein the matrix further comprises about 5 to 
about 500 fiM of L-cysteine. 

42. (Original) The method of Claim 32, wherein the matrix further comprises about 5 to 
about 500 of an L-arginine analogue. 

43. (Original) The method of Claim 32, wherein the matrix further comprises a 
superoxide inhibitor. 

44. (Original) Tlie method of Claim 43» wherein the superoxide inhibitor compriscii 
EDTA or a salt thereof 
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45. (Original) The method of Claim 32, wherein said administering step comprises 
injecting the nialrix into one or more locations selected from the group consisting of locations 
within the ulcer, locations around the periphery of the ulcer, locations underneath the ulcer and 
combinations thereof. 

46. (Original) The method of Claim 32, wherein the ulcer is a diabetic foot ulcer. 

47. (Original) The method of Claim 32, wherein said therapeutic amount comprises 
about ro ml to about 60 ml. 

48. (Previously presented) A method of treating an ulcer, comprising administering 
therapeutic amount of a hydrogel matrix in liquid fonn to the ulcer, the matrix composition 
comprising denatured collagen, dextran, L-cysteine, and an effective amount of polar amino 
acids selected from the group consisting of arginine. lysine, histidine, glutamic acid, asparlic 
acid, and mixtures thereof 

49. (Original) The method of Claim 48, wherein said administering step comprises 
injecting the matrix into one or more locations selected from the group consisting of locations 
williin the ulcer, locations around the periphery of the ulcer, locations underneath the ulcer and 
combinations thereof. 

50. (Original) The method of Claim 48, wherein said therapeutic amount comprises 
about l.O mh to about 60 mL. 

51 . (Original) The method of Claim 48» wherein the ulcer is a diabetic foot ulcer. 

52. (Previously presented) A method of treating an ulcer, comprising administering a 
therapeutic amount of a hydrogel matrix in liquid form to the ulcer, the matrix composition 
comprising gelaun, a long chain carbohydrate having a molecular weight of about 20,000 to 
about 1,000.000 Dalions, and at least one polar amino acid, wherein said administering step 
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comprises injecling the matrix iiuo one or more locations selected from tlie group coneisling of 
Focations within the ulcer, locations around the pcripheiy of the ulcer, localions underneath the 
ulccn and combinations thereof. 

53. (Previously presented) The method of Claim 52, wherein the ulcer is a foot ulcer 
resulting from diabetes-related vasculoneuropathy. 

54. (Previously presented) The method of Claim I, wherein said adminisleiing step 
comprises one or more injections of the matrix in Ihe area of the demial/aubdennal tissue 
junction. 

55. (Previously presented) The method of Claim I , further comprising the slq) of 
debriding the ulcer prior to said administering step. ^ 
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EVIDENCE APPENDIX 



Two literature rufcronces have been submitted and are discussed herein: Richard et al. 
Diabetes Care, Vol. 18, No. 1. pages 64-69 (1995) and The Diabetic Fool . Sixth Ed.. Chapter 1 8, 
pages 395-403 (2001). 
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RELATED PROCEEDINGS APPENtUX 



There are i\o decisions by a court or ihe Board in related proceedings. 
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Ef>Mff of Topical Basic 
nbrablasl twovtfh Foctor on 

ft^.^^llnS ^ Chronic 
Diabotlc NouroiMtliic Ulcor 
of Hiofoot . 

A pilot, randomized, double-blind, 
placebo-controlled study 



Jbah-Louu BmABp, mp 

CUIU PABI»%CiHID, MP 

JliAN-FlDuu Oauies, md, rid 
Sarmf Ciauer, ua 

PbNVSB VAWNPmAU. MP 



Jacques Bbihbeb, md 
Mioni.llopiei,iui 

CLAUpme jAiCQB, MD . 

MitmNp CoKfvBiiBixiNNeT, mp 



•WieilVl— To basess the efficacy md safety of topical human lECOtnhinant basic 
fibrobUit ffovnh hant (bFGF) on the healing otdb.b«t'U«mo5Sc^ruS 

^:S.^j5S!r''^'*'™'i^'^' P'™™ suite of ihii £bDieni««/rX 
ntena wre a typical neuropathic ulcec of Wagwr gnde I-ni. mon than oJi cm S 

jemlicattf penphetal vascular di»ase or wound bifeeUoo. bFCF or placebowaStt^ 
darty autuiB *e fi wecte as tapdents fl»m twice a wtckfor 12 wedaS^SS^Sfc« 
slw waa assessed OtfOUgK weekly clmfcalwamiiiatlmi and compuiertad pha^p|« 

S J?^ I^f^ as was the rate of liocar advance frwn entty to the Ah week of twaSnS 

!iaS^ ^ -i*"?*^' K=" at the end of the scucty did >S dS£ 

dgntficanay.NoEideeffeBswereobstrvedduringbFGFapiaicaUoQ. 



■ I 



oot lesions w ft nu^or ptobkm in 
people with diabetes raellitus» in 
teims of moibiciity. mortality, dis- 
abttlQr, and Bnancjal cosl(1]. In dlabcnc 
patleiu5> nonhealing fiCHx ulcers, mataly 
due [o [>enpb«ml and autonomic neurop- 
athy frcqucndy lead to law Hmb 
uraputations £6.7). Numenw* ap- 
proaches using topicHl oeiQiinem huve 
been proposed, tachiding ftmlhacieriat 
agents (emlbiotlcs, ind^cics), vmiou9 
types of dressings, po*dere, pastes, and 
creanw (23). But most ulcen respond 
poorly to ehis camvendonil tteatmem, of- 
ten ntquWng a long hospital suiy (B), and 
the ncuncnce rate is hl^ (9). 

Wound healing (s a ccm^ksi pro- 
cess involving highly legulated msponses 
of specialized cell lypi, to which locaUy 
seemed growth {actors seem to play a key 
role (XO). Recently, ihc avallabUtty o| 
large quanniles of growth &aocs hfl£ al- 
lowed rcscawbers 10 test their ihempeuOc 
use 05 topical agents to accekiate wound 
healing (U). 

Considering the iropatrtneiu o| 
wound healing iu diabetes Rkellitus and 
the role of basic fibroblast growth iaccoi 
fliFGF) in the healing process clearly sug- 
gtfsted by experimenul in vivo sLud> 
(12,13), we conducted for the first [hm; £ 
pilot Cpha$e I and ID randomized, dq^:. 
fale-blind. and placcbo-corurolled stni^- 
to evdlujue llic cihcacy and safeiy of top|-ri 
crtly applied recombtoaw bPGF in scim- ' 
ulailng the repair of djabedc neuropathic 
foot ulcers. 



BIMMOi blWONiUID 
IWnHOBl— After obtaining in- 
formed consem» 17 diabetic patients 
agpd 39 to 73 years, were ciuered imo tisr 
study, 7h^ were iBcniiccd front two dc- 
pattmcrus of diabetatagy at Mompelllei 
tlolver^ty Hospital Crt === 7) and at Li 
Grau du Koi Medical Center in ^ 10). Al 
buLone had non-lnsnUn-dependenc dla> 
beics mellitus. The expcnmental pioioco 
in accordance with the Declaration o 
Helsinki was approved by the Frendi Ni- 
clonal Ethical Commltue, , H 
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Patients wcTtt ircluded If they Iwd 
a cyptcal, chronic, notihcajlng. neuro- 
pachJc ulcer on dv plantar auifact of die 
faut, grade I-Ul, jccotdiiifi to Wegnert 
clasHficadon [14); this dosslficadon sy*- 
rem iw chosen because it appears vulu- 
abk in evaliudng the outcome of tUabedc 
foot «lcas (15). After medwnical exd- 
slop, die largen part of ihe wound had to 
nieasine maie than 0.5 cm. The ncuTO- 
padiic iwurc of the ulcere was confinned 
by blod»esioinetiy fl6] with a uibraiion 
perception threshold higher dian 30 Vci- 
iher at the great toe or at the medial mal- 
. Icolus CBlomcdical, Newbury, OH), 
Moreover, no patient had signlficam pc- 
liphcrqi vascular disease, ^ evidenced by 
Dopplcr wsiwc form analysis; anWe-bra- 
chial presHure index CABD was not used, 
aa tnosi ricuropaiWc patients h^d felsdy 
elevated ABt values due to medial arterial 
calcification (XT). Move periem^ cnicied 
the study, active infection was ruled out 
by clinical Mcaroination and X tays, and a 

tifihtglycenijcconcrol was obtained by in- 
tcnsiVE insulin dxcrapy using three subcu- 
taneous injficrititis a day or continuous 
subculaneouB insulin infusion CKCark ll 
fnfitsOT.Novo Norrtisk, Bonlogne-Billan- 
couft. France): intensive inauiln therapy 
was raamtgintd dudng the entire experi- 
mental period and pacients were in- 
siructed to check their capillary blood 
glucose level three to six tiiue^ a day. 

After ratidomizatlon, pqtlems 
were treated wlA either placebo (nomial 
saline) or bFGF CFamiitalia Cario Erba, 
Milano. Italy) undl the ulcer was com^ 
pletely healed or the p^itient completed 
me la weeks of the tieatmcnt. The treat- 
ment period was divided tn two consecu- 
Uve sequences: during the first 6 weeks, 
treaunent wa? applied once a day on an 
mpiticnt b4sl$. whereas duriug the last 12 
weeks, it was applied twice a week, and 
patients wens allowed to tetum hamt If 
the uker pmgtession was satisfactory. Pa- 
tients were cpcouraged to keep the foot 
with the ulcer toially nonweigh^-bearlng 
uma the study was completed, but no 
specially designed foor*^car was prc- 
scilbcd. ^ 



Group p 
CPlacfibo^Treattd) 

ii-e 



Group F 
(bFOP-Tteaied) 
n^9 



Agfi (yearti} 

Body Buaa Indoc Gc^^) 

f ruoosamine (mmal/O 
DunUon of diabetes (ytm^ 
Vibtailon penccpclcn threshoUI (V) 
^er duration Cmonths) 
Ulcer largest dlanicicr tmm) 
Waffier^ cUsslficailon 

Gndel 

Gfade2 

Grade3 

we tnesna i SD. No oiumtcallv ilfliifiruii dUmir*. ^ r j i_ ™ 

Pticcpdon Oar^id w«incZS«SS^ W P «i P- 



63.6 ± ys 
7/1 

2fl44 ± « J 

37J ± X4.9 
37^9 X 42.2 
IB. I 3:6.2 

. I 
4 



fii.9 ± 10.0 
9J0 
± 4.6 
7.9 ± 1.7 
203.1 ± 75.0 
20.9 It: 12.3 

46.3 T 6.4 

22.4 * 27.9 
l&O X i2.0 

2 
.4 
3 



After randomlTatlon. eight pa- 
liems were treated with placebo C^p P) 
and nine received bFGF (group FJ. Ihcre 
were no signiEcant difertnces in patient 
cbarflcteriaila at entry into the study CTa- 
blc I). Glycemic control was similarly 
good in the two groups, due to the initia- 
tlon of the Intenshre Insulin therapy be- 
fore Inelusinn in the protocol The distri- 
bution in Wa^r^s grades and die Inidal 
size of ulcers did not diflfer between 
groups? and F. 

bFGF was produced by recombl- 
nam DMA technology using ^schtriOda 
oo/l type p. A suble phamwceutical for- 
mula was obtained, having a potent bio- 
logical activity both In vitro and In vivo. 
From a lyophilate coniaintng 50 f*g of 
bFGF, formula was rcconstinited with sa- 
line ar a finalcoocenmtionar 5 /ig/hU In 
a vlal connected in a sterile manner to a 
special spray delivery system; a vohime of 
30 /ll containing 500 ng of compmnul 
was delivered at each pressure, ao that at 2 
cm from ibe skin, die device deltvered 
spray ona 4.Z5 cm' area. When reconsri- 
Wtcd, die solution was kept at 4*t for no 
more than 3 d^ After mechanical re- 
moval of necrotic tissue and excision of 
sunroundltog caUosides, placebo or bFGF 



was sprayed on die ulcer -According to 
die ulcer size, one or iwo sprays were de- 
Uwtied. Afterward, die ulcer was coveitd 
with a sterile petrD]atum*impregttaied 
gauze, (Tulle gms Umlire, Sarbacjc. 
Swteates, Fmnoe) in Le Grau du Roi cen- 
ter or dry compresses at MontpeUier, un- 
til die next foot care. No antiscpilca or 
special dtcs:¥in^ were used. 

Parienis were evaluated each 
week; die Icngdx and widdi of the ukpr 
^ene measured and a photograph was 
tatei, using on instant camera with a 
mflgnificarionof 1:1 (ImagePrD, Polaroid 
Cambridge, WA), The ulcer and peri- 
woimd area were evaluated lot rnfccdon 
and tnatmem tolerance. At die end of die 
acudy, e^di photograph was coded and 
digitized (Mac llx computer, Epson GT 
4000 scan, and Epscan Mac 102 soft- 
ware); using Cancvas software, ulcer pe- 
rimeter and area were measured by one of 
us 0-P-D.), unaware of die padcntfi* iden- 
tity, date of photognkpha, and namre of 
the tttaunem. Measurements were sun- 
dardixed in reference to the distance be- 
tween dws base of die big and die fifdi toe. 
The mte of wound heaiing was calcnlaicd 
fiom the change in wound perimeter and 
arw; the rate gf linear advance of healing 
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toward the ulcer center (fl. in mm) wq^ 
calculated acceding to Gi\nm'& formuh 

(la). 

CUnJcall/. tmpTOVooenc of ulcer 
aspect defined by decceose ofWag- 
nisr*fi gradfli worsening by iucteasc and 
heallneliy grade 0. 

At cnny «tid at iht end of the 
atiidy, blood was wlthd^wn for dctermi- 
oadon of ^ycoa^tcd bemoglobto, &nc- 
tosaroinc, acid hematological and bio- 
chonlcal EQUtine parametcis. 

Suiisdcal Biuilysis pedbnned 
ueing BMDP siaUittlcai software (19), 
ri$her's aaoL xm and the ponpaxametrlc 
Krpskal-Walljs lest were used to compare 
qualitative and quauWauve dato, respco 
civEly, between groups. In each group, 
comporuons of data at amy and at the 
etifl of the study were carried out using 
Wilcoxon's cjrad innk^suro'iest and Mc- 
NemaT*s test for dependcm quandtadve 
and qualiutive d^ta. lespcctively. Multi- 
vanace analysis of variance for repeated 
measures was performed to deiennlne the 
effect of treatment and placebo on 
changes in'sumdardized wound aiea over 
time. Times until 25 and 30% liealing 
were analyxed according to Kpplan-Mcicr 
esUmttt^ of the heahng ttme dlirtrtbudon; 
Bteslow-Manicl** test was used lo adjust 
(or the subset of die prognosis variables. 
The stepwise Cox proporuonai hazards 
nnodcl was used to Idcnrify and cootiol 
Ibr these prngn^fil^ vatlables. when^ti^ 
tieally significant, liuear correladon and 
arwlysU of covartance were perfonned to 
control for the effect of the Initial wound 
diameter on Giltuan's parameter. 

MUUltl — During the study, good 
glyceroic control was maintained in both 
groups; at tbe end of die sl^jdy , the kvd of 
glycosylated hemogtobln was 6.4 i: 1.1% 
in group P and 7.5 ± 1,6% to group F 
CNS)aiu] that orfnictosamlnewa5 2di 
4fl mmol/l in group P vs. 31 1 :t 
mmol/llU group F (N5). TbESc levels were 
not ^gnlficandy different from iho^ hc 
entry. 

In placebO'trEaied patiems, five of 
eight Ulcers (63%) healed completely 



Table J—Vker tvohi$ion durfng trffOmcri* 



Tietuncm durtdon 
Qlnlcaloutcaine 

Healing 

hnprovcmem 

Mo pro^essJeiTi 

Woricniug 

tJicet fieiiinecer reduction (% of ^iJal perimeter) 

ymefarao^ Of healing (weeks) j^axg^ 9^ 

Dm eot mow * SD. Nq sudolcilly ^EnfAcut ilireniue ^ found brtween ^iigpt P n4 P. 



d4.8 * 29,5 

5 
1 

0 

2 

a 36.4 
5.S ± 0,4 



B7.7 ± 38.0 

3 
2 
2 
2 

35.a ± 49,6 
9.3 ± 2,1 



compared with three of nine 03%) in the 
bFGP-tteaied group (NS) CTable a). In 
seven of eight healed ulcers, healing oc- 
cumd before the end of the study. Infec- 
tion occurred on two ulcers In both 
gtoups» requiting the £tudy 10 be stopped 
prematurely. One bJFGF-ireatcd padenc 
tefused to corulnue the study despite Im- 
pmvemem in her ulcer status. In five pa- 
tiems. tbe study was conducted to tbe 
end: two ulcers improved but only one in 
group F healed completely. No significant 
difference was found between the two 
grou'pff with regard 10 the duration of 
treanncnL In addition, the number of pa- 
tlctus having pursued the scud/ beyond 
tbe fith week was Identical in graupa P 
and F, The clinical evolution of the ulcers 
was not dgnificaddy dlifereni; repanUjon 
tn Wagper's classlficarlon was «imilar in 
both groups at die end of the study^ 

According to standardized mea- 
sures from photographs, no stgnificant 
difference waa found between the two 



groups for ulcer fil2es at any week, tn boih 
groups, ulcer pcrtmeter and area de- 
creased significantly during the study. 
Dcctease of ulcer pedineter and area was 
greater in group ?, as was the daily reduc- 
tion, but (he dUTerence was not sutisti- 
cally significanc CTable 3). The same tretul 
was also found when reduction of ular 
size was expressed as pcrcexua^ of initial 
size (Tables 2 and 3). 

Kaplan-Meier curves of times 
needed for ulcers to achieve 50 and 1 00% 
heahng were plotted. Cox regression in- 
dicated no staiisitcaUy significant effect 
because of treatment groups, centers, 
body moss index, patients' age, or ulcer 
dumrlon. Mean healing times were iden- 
tical for both groups (Table 2), and the 
median far 50% healing was 9.3 ±2.1 
and 5,8 ± 0.4 weeje for groups P and P» 
lespectively CNS). Median dme m 100% 
bealingcouldnotbe cotnpared because of 
the few events (<5£l% of ulcers com- 



TaMe orra rtAtcUpn the sfwfy grovps 



Ateouy 
Cera*) 



QkmpP 
Mem 
SD 
Group p 
Mm 



0.34 
0.37 

1.27 



Arihcend 

CfTO*) 


Keducdon 
(cm*) 


fteductloq 
<% Initlil aTta) 


Daily reduction 
fnun'/day) 


0.27 


0.31 


75.0 


.A 

0,56 


0.54 


0,24 


39.1 


0-52 


0.40 


0.23 


593 


I 

038 


1 14 


0.20 


44.5 


0.54 



■ of RkUrp^n^ Ul wound 
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Richard and Asspciatta 



pleiely htsajed) at ihe end of the study in 
group F. 

The rate of linear advance of heaj- 
ing wns positive in the two groups, aver- 
agmg 0.116 ± 0,129 and 0.053 0.049 
cm at 6 weeks (NS) and 0.104 ± 0.190 
and 0.Q72 ± 0.089 cm at n weeks, for 
groups P and F, respecdvely (P ^ o.08 by 
KmslcaH-Wallis test). No significant reJa- 
tionship was found between tnldal ulcer 
sixe pnd rate of linear advance of the ulctir 
margins. 

Topical bFGP treacmenc was well 
toJerqced; we observed no chnlcal dnig- 
related adverse evems orabnormlitiea in 
hematologtcal or biochemical data. 



CONTUSIONS- The main con- 
cluffioti of this anidy is that local appiicq- 
tion of topical bPGF is no more effective 
than pliwiebo to promote healing of neu- 
rotrophic diabetic ulcer of the foot, 
whether healing whs expressed hmcdon- 
ally Chy Wagner's grade) or quanittaUvely 
(by meaaurement from photographs); 
moreover, the only treads wc fonnd 
showed a beneRdql cfect of pUcc&. The 
sm^iU size of the groups might have ob- 
scured a positive effect of bFGF. but an 
acceleraiion of wound healing In diabetic 
patients was recently repoaed using top- 
ical application of other growd* factors in 
a sample of comparable size to ihjs smdy 
(?0). or die eight healed uicftrs (Hvc in 
group P, thrte in group F); seven oc 
curred dmixig the hospital stay, when all 
padei^ta were at bed mst, emphasiTing the 
importance of keeping weight off of ulcer 
• sites in promoting licaling of neiiropathic 
ulcers (2-4); this simple fneasure proba- 
bly accounts for die good results obtained 
with placebo alone. A diference in com- 
pliance ID non-wclght-bfiaring rccotn- 
mendarions between ihi: rwo groups after 
hospital discharge seems unliWy to ac- 
count for the failure of bFGF to accelerate 
healing. Moreover, tlie number of pa- 
tients studied beyond die. 6th Week as 
outpatients wa^ Identical in the two 
firoups, and the only ulcer th« healed 
during the outpatient period was ob- 
served in gmnp F. Diaheres contnat also is 



essential to promottng ulcer healing (2). 
In dus study, blopd glucose control was 
siroiltirly good in both groups as evi- 
denced by glycohemoglobin and fruc- 
tosamine levels; thus, the deleterious role 
of cKtemaJ factors, mechanic or meta- 
bolic, can be niled out In accounting for 
the poor results with bFGF. 

Tlifi result of this trial is rather dis- 
appoindng, considering the physiological 
role of bFGF In the hailing process and 
die previous in vivo and In vitro, experi- 
ments using bFGF: 

Diabetes melliiiis is characrerized 
by Eailure of wounds to heal. It has been 
hypodiesized diac this defect may result 
from the decrease or unavailability of 
growdt factors at die ulcersite (21). Thus, 
topical^ application of growth factors 
seems to he a logical means to promote 
wound repa ir in diabetic patients. Among 
growth factors, one of the tnost widely 
studied is bFGF. a heparin-binding sin- 
gle-chain peptide of J46 amino acids, 
widi a ubiquitous distribution iri meso- 
derm- and neurectodemi-deTivcd rissues 
(13). bFGF is a potent mitogen for all cell 
types involved in tht wound-healing pro- 
cess and is highly angiogenic and also 
chemoiactlc for (ibroblascs and endothe- 
lial cells (22). Thus. bFGF appears to play 
a major role in wound healing, actjng at 
almost alt the steps of this complex pro- 
cess, and may represent a hualing-pro- 
raoting agent of potential value. 

In vivo studies in uncompromised 
animal models showed that topical 1 bFGF 
did accelerate healing (12.23). More rele- 
vant lo our smdy are the results obiained 
In diabetic animals. Tn db/db nucc, it was 
reported that topical application of bFGF 
resulted in an improvement in tissue re- 
pair (24,25). . 

Clinical trials on the effect of 
growth factor appfcaUon on die Healing 
of chronic dlabenc wounds remain scarce 
and controvfirsial; the most extensive 
clinical experience dealt widi the so- 
called platelet'derlvKd wound -healing 
fonnula (?DWHF). a homologoua blood 
platelec rcteasacc containing several 
^owdi tictons. mainly platelet factor 4, 



plfltelet-derrved growdi factor (PDGF), 
transforming growth factor and 
fl-thromboglobuUn-relaied peptides 
(26), In randomized, double-blind, pla- 
cebo-controlled trials, topically applied 
PPWHF significantly accelerated the 
wound-healing rate of chronic diabetic, 
mainly neurotrophic, foot ulcere (20,26)! 
In contrast; topical PDGP applied in 25 
diabetic padenta with neuropathic ulcers 
did not result in a significant accelcratjon ' 
of the healing rate Q7). In addition, U was 
^recendy reponed diar bFGF enhanced 
"slightly, but Qonsignificantly, healing of 
venous and diabetic ulcers in a double- 
blind, randomized trial (31), Thus clini- 
cal trials using growdi factors ha ve shown 
discrepant results. The poor effect of 
bFCJP in the present trial may be ex- 
plained in the light of the conflicting data . 
of these previous studies; the topical ap- 
plication of a single growth hormone 
would be insuJficient to promote healing 
in diabetic neuropathic ulcers, «a sug- 
gested by some experimemal data. (29). 
Moreover, it was repoixiKl thai lopically 
applied cpidcnnal growdi factor and In- 
sulin aaed synergistically to improve 
WQutid healing in diabetic rats (30). fhus. 
if a single growth factor trvay accelerate 
tissue repair In the absence of profound 
healing defect (32.33). a "cockiaQ" of sev- 
eral growth [acion> might be required to 
induce the same beneficial effect in 
chronic healing deficiency states sudi as 
diabetes melljtus. 

The dose of bFCJF locally deliv- 
ered On ulcer sites may also be question^ 
able. In this study, doses ranging from 
0.25 to 0.75 fi^cm^ were dellvetcd at 
each application on the ulcer site, bwer . 
than those used in the successful treat- ' 
mcnt of pressure sores (29). Nevertheless, 
the dosage used In our trial was based on 
previous animal studies tlemonstrating 
the eflicacy of such' doses co promote heal- 
ing in various clinical conditions, includ- 
ing corneal ulcers (33). On the other 
hand, bFGF was applied only twice a 
week during the last 12 weeks, which 
may explaiii the poor rciiult beyond this 
time point. From this potnt of view, it is 
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mnh noting that ^ cAcacy of PpWHF 
in healijig diabetic foot ulwas was ob- 
tained by daily ^pplicacian of the fiarmiOa 
for 20 weeks (20,26). The ]$st poiw de- 
serving con^kkntlan is the ^nic (br- 
mulation of bFGF, givfin tbt faa that the 
product we applied whs a atrople coUyr- 
iuoL A3 bFGF, 1i miflhi be locaDy de- 
graded tfnd/or adsaibed into the dressing, 
losing pan of Its eweqcu^l efficacy, indeed, 
it was recendy reponed that the concen- 
traOon of bFGF, In the ss«ne fonnuiaiion 
wc used, decreased by — 5Q% 4 h after 
contact widi sterile gaiue (M). Thus, u t£ 
possible that incorpoTadng bPGF Into a 
gel or a crcatn nUghi result In a signlficam 
effect. 

In summary, the results from this 
pilot study do not demonsmitc signlfi- 
CBuiJy InaprDWfd he^Ung of neuropathic 
ulceration of the root in diabetic patients 
tteaicd by topically applied bPGF caw^ 
pared with placebo. Hie lock of a benefi- 
cul effect of bFGF raighi be eaipUincd by 
the profound healinB defect In diabetes 
mellitus, requirina the combinauon of 
several locally applied and apedally fbr- 
nuilaied growth faaois on a daily basis. 
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MODULATING WOUND 
HEALING IN DIABETES 



David L- Steed 



Diabetic foot ulcerg are a serious problem 
that TTiay lead to infoction and loss of limb. 
There are between 11 and 16 million patientjs 
witOi diabetes in the United States. Ten per- 
cent of diabotjc patients may be at risk for 
the development of foot ulcers. Although 6 
to 10% of hospitalizationa in diabetic pa- 
tients ore for management of foot ulcere, 
these admiSQions account far nearly 26% of 
the hospital days in this patient group. There 
are 50,000 to 60,000 amputations porfomod 
m diabetic patients each year in the United 
States. Tho coat to society of caring for these 
patients ip billions of dollars). 

Diabetic foot ulcers occur because of neu- 
ropathy and pcriphiM-al vascular diseaae, 
Surty to 70% of diabetic patients with foot 
ulcers huvo periphoral neuropathy as the oti- 
ology, while 15 to 20% have peripheral vascu- 
lar dieease as tbe cause, and another 15 to 
20% have both. The neuropathy occurs as a 
coroplication of prolonged glucose elevation. 
U may be present in as many as 10% of pa- 
rents when diabetes ia diagnosed and nearly 
half of diabetic patienta who have had their 
difieoae for more than 20 ye^rs. Peripheral 
neuropathy has both sensory and motor com- 
ponentH. The gensory neuropathy leads to a 
loss of protective sensation in tho foot. The 
motor neuropathy a£focts the nerves that 
cootrol motion of tho foot Paralypig of the 



intrinsic rauseleij of the &ot leads to a "claw" 
deformity of the loot where the toes are 
pulled up and do not touch the ground. This 
causes the metutaraal heads to become more 
prominent on the plantar surface and re^ 
duces weight bearing from the toos. The 
metatarsal heade are a common aito of plan- 
tar ulceration in diabetic patients. This is 
eapsciaily true for the areas beneath the first 
and fifth metatarsal heads. The patients can 
also develop midfoot collapse with loaa of the 
plantar arch due to fractures and fracture 
dislocations. This Charcot neuroarthropathy 
may result in a markedly abnormal shape 
to the foot, which coupled with tbe sensory 
neuropathy, makos the diabetic patient at 
risk for skin breakdown. 

There are other factors that load to ulcer- 
ation in diabetic patients. The patients com- 
monly have peripheral vascular disease. Dia- 
betes ia a commonly accepted risk factor for 
atheroBclerosis as aro smoldng, hyperlipid- 
emia, and hyportenaion. Although there was 
once debate as to whether diabetic patienta 
had **small vessel diseaae" with occlusion of 
very small vesBela, that theory has not boon 
upheld. Moat would agree that diabetic pa- 
tients are at increased risk for typical athero- 
sclerosis. They do seem to develop a pattern 
of disease commonly involving tho tibial ar- 
teries. Other problems in diabetic patients 
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^ ajao complicate the prohlem of foot uJceration 
^ such as some thinning of fch^ sltin of the plan- 
^^m^^^--- surface of the foot and an inability to deal 
well with mffiction. 



Wound Healing 

Wound healing is the process by which tie- 
auoa respond to an injury. The biobgic pro- 
cess ie complex and involves chematEixis, cell 
replication, production of proteins, neovoscu- 
lariaation, matiiratioa, and wound remodel- 
ing. Wound repair and regeneration occur in 
an orderly and predictable manner and are 
under the control of growth factors, which 
though preeont in the body in only amalJ 
amounts, exort a strong iniluence on wound 
repair." Growth factors are polypeptides 
that regulate the growth, differentiation, and 
metabolism of celU and direct the procefis of 
tissue repair. 

Wound healing occurs in three pbaees; in- 
flaminatioD, fibroplasia, and maturation, 
£ach of these phaeea is contrnllod by growth 
factors. The inflammatory rosponae begina 
immediately after injury. Vasoconstriction 
limita hemorrhage within the site of wound- 
ing,=" Damage to the endothelial surface of 
arteries and vein^ allows blood to leak from 
tl^e vessel wall, exposing platelets to collagen 
witliin the media of tho voasol wall, Tho coag- 
ulation cascade is initiated by these plate- 
lets. Serotonin and thromboxane aro re- 
leai^ed to enhance vasoconstriction locally to 
keep healing factors within the wound apace. 
At nearly the same time, vasodilatation oc- 
c\ir@ at adjacent sites to allow new factors to 
be brought into the wound. This vasodilata- 
tion is mediated by histamine, and released 
by platelets, maat cellsa, and basophils. Vas- 
cular permeability increases to allow these 
blood-bomc factors to enter the site of 
wounding. 

J^latolcta activate the coagulation cascade 
through both the intrinsic and extrinsic re- 
sponse. The intrinsic response is mediated 
through Hagemnn factor, factor XII, as it 
comes into contact with collagen. In the proa- 
enceof kininogen, a precursor of bradykinin 
and prolcoJUlcrein, factor XII activates factor 
XI then factor DC, then factor Vlll. Tho ex- 
trinaic system ia activated through thrombo- 
plastin formed when phospholipids and gly- 
coprotoina are released by blood coming into 
contact with the injured tissues. In the pres- 
ence of calcium, factor VII is activated- Both 



the intrinsic and extrinsic aystema stimulate 
tho final common pathway loading to fibrin 
production and polymerization. Simultane- 
ously, the fibrinolytic system is activated to 
monitor clotting so as to prevent coagulation 
from extending beyond the wound space." It 
is controlled by the same factors that mitiate 
coagulation and th.ua serves as a regulator 
of the process. Arachidonic add is produced 
and serves aa an intermediate for the produc- 
tion of prostaglandins and leuJmtrienea. 

These intense vasodilators act with hista- 
mine, bradykinin, ami complement to in- 
crease vaacular perfneability. Thromboxane 
also increases platelet aggregation and local 
vafloconfltricfcian. The complement cascade is 
activated at the same time by platelets and 
neutral proteases to produce very potent au- 
aphylotoxinSf which cause mast cells to de- 
granulate and release histamine. This pro- 
cess leads to maigination and then migration 
of white blood cells into the wound space. 
The neutrophils are phagocytes for bacteria. 
Although wounds can heal without white 
blood cells, the risk of infection is increased. 
Other substances released by the inHamma- 
tory process are also chejnoattractattts for 
neutrophils, which produce free oxygen radi- 
cals and lysosomal enzymes for host defense. 
The neutrophils are later removed from the 
woiuid by tissue macrophages. 

Monocytes migrate into tho wound space 
by the third day and become tissue macro- 
phages, Wounda cannot heal without the 
macrophage. Those cells control and regulate 
the wound environment through the produc- 
tion and regulation of growth factors. These 
growth factors control tho cellular composi- 
tion of the wound aa well as matrix formation 
and remodeling- Extracellular matrix is a va- 
riety of proteins in a polysaccharide gel com- 
posed of glycosaminogiycans and proteogly- 
cans produced by fibroblasts. Matrix proteins 
may be structural such aa collagen and eloa- 
tin, while others such as fibronectin and laro- 
inin regulate cell adhesion, Thromboapon- 
din, von Willebrand factor, and laminin are 
also adhesion molecules. Fibronectin is also 
a chemoattractaot for circulating monocytes 
and stimulates their difforentiation into tis- 
sue macrophages.^^ 

Macrophages and fibroblasts enter the 
wound to begin the process of fibroplasia, the 
second phage of wound healing. TChia process 
begins around tho fifth day following injury 
and may continue for 2 wooks. The inflam- 
matory response lessens as the mediators of 
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inflammation ore no long-or pnidnced, and 
thttd© present are inactivated or removed by 
diffusion or by macrophagea. Fibroplasia ig 
the process of matrix formation including col- 
lagea eyntheaie. Angiogeneaia is critical to 
this phaae of wound healing to bring a Wood 
aupply into tbe wotrad. Fibroblaata are at- 
tracted to tl\e wound and replicate in re- 
sponse to /ibronectin; plateJet-derived 
. growth factor (TDGF), flbroblaat growth fac- 
tor [PGF), trangforraing growth factor 
(TGF), and 05 a, a product of the coraplement 
system. Theas fibroblasts produca protoogly- 
cana and structural proteins neceaaary for 
wound hejjling. Thia matrix compoaed of 
byaluronate and fibronectin, which alJowfor 
celluJar migratton atimulated by chemotactic 
factors formed in the wound. Fibronectin 
is also important in epithelialization and 
angiogenesis. 

Collagen, the major structural protein in 
the wound, is the most common protoin in 
the mammalian world. Produced by the fl- 
broblaet, it is a family of at least 12 proteina. 
rich in glycine and proline and bound in a 
tight triple helix. Crofi$-linking between the 
tliree strands rosulta in u vory stabile mole- 
cule resistant to breakdown. The production 
and releaao of collagen from fibroblastg is 
controlled by growth factors auch as PDGF, 
epidermal gi'owth factor (EGF), FGF, and 
TGF-^ pi-oduced by the tiaaue macrophage. 
Once depofiited in the wound, coUagun ig then 
remodeled for several years. Elaatin is an- 
other struttuial protein in the wound pres- 
ent in muc3h sraaller amounts tlian collagen. 
Itcontaina proline and lysine. Itia configured 
ai3 random coils, allowing both atretch and 
recoil. Angiogcncsia is the process of capil- 
lary formation from tho budding of existing 
ciipiUariea aiter stimulation by FGF.'*' ^ 
TheGO capillaries are composed of endothelial 
Colls that migrate through the healing 
wom^d- Connections are developed between 
the capillaries to foi-m a network in the 
wound Space, Thia capillary network pro- 
vides a pathway for new healing factors to 
entar the wound. The process ceases when 
the wound has an adequate blood suppfy. It 
appears as if the process of angiogenesis is 
conti-olled by oxygen tension and is stimu- 
lated by hypoxia, Epitbelialization occurs 
only after granulation tissue is ostabliBhed. 
Cells migrate from the edge of the wouad 
ever the collagen-fibronectin flurfaco. Thia 
process results in mature sicin covering the 
wound. 
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Scar contracture occurs aa the wound ma- 
tures. During the maturation process, the 
Bcar becomes less hyperemia as blood supply 
is reduced. Although rempdeling and wound 
gtrongthening increase for up to 2 years fol- 
lowing iiyuxy. the total collagen content of 
the wound does not change. Hyoluronidase, 
coUagenase, and olastaae are key el omenta 
in wound remodeling. Hyaluronate is re- 
placed by derma tan sulfate wd chondroitin 
aulfiata, which reduce cell migration and 
allow thoao cella already in the wound apace 
to differ onti ate. Plasmin formed from plas- 
minogen degrades fibrin. Collagenaee is se- 
creted by macrophages, fibroblasts, epithe- 
lial cella, and white blood cells and is able 
to break the collagen triple helix to allow 
remodeling. Urokinase, produced by leuko- 
<^es, fibroblastsp endothelial cells, and kera- 
tinocytes, activates coUagena&e and olaataae. 



Growth Factors 

The process of wound healing is controlled 
by growth factors, polypeptides that initiate 
cell growth and proliferation and protein pro- 
duction by binding to specific high-affinity 
recoptors on tho cell surface. They bavo the 
ability to stimulate mitosis of quiescent cells. 
They commonly havo endocrine, paracrine, 
and autocrine function. Somo are trans- 
ported in plasma bound to largo carrier prn- 
teins, while others affect nanadtjacent cells 
or may have a solf-regula ting effect. They are 
produced by pktolets, macrophages, epithe- 
lial cells, fibroblasts, and endothelial cells. 
Although growth factors are present in only 
minuto amounts, they modulate the proceas 
of wound repair. The gi-owth factora moat 
conunouly involved in wound healing include 
PDGF, TGF, BOP, FGF, and inaulin-lilte 
growth factor (IGF). 



Platelef-Derived Grov/th Factor 

Platelets that initiate the coagulation cas- 
cade in the wound are the initial source of 
growtlx factors including PDGF, TGP-)3, 
EGF, and IGF-J. Other cella drawn into the 
wound space such as infiammatoiy coUb. fi* 
hroblasts, and epithelial cells are also in- 
volved in growth factor production. Growth 
factors are chemoattractants for neutrophils, 
macrophages, fibroblasts, and ondotheUal 
cella. Maerophagea rolcase factors such as 
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tmaor uecroHiB factor CTNP), Woimd ronjod- 
elmg uecurs under the control orcollageiiaae« 
whicli is produced jn responae to EGP, TNP, 
interJeuJdn-l (IL-l), and PDGF. Thua, the 
complete procGBa of wouod repair is con- 
trolled directly or indirectly by growth 
factors. 

PDGF ia the moat widely studied growth 
factor dinically. It ia produced by platelets, 
inacrophages, smooth muscle cells, vascular 
endothelium, and flbroblaeta.^ PDGF baa a 
molecular weight of 24.000 daltona and is 
compoeed of two chains, A and B, held to- 
gether by disulfide bonds in three dimeric 
forma, AA, AB, aadBB. Therois a 60% aroino 
acid homology between the two chains- Hu- 
msn platelets contain all three forma of 
PDGF in a ratio of about 12% AA, 66% AB, 
and 23% BB.'* The B chain is quite similar to 
the transforming gene of the ainuaa sarcoma 
virus. The human proto-oncogene C-aia ia 
flimilar to the viral oncogene V-cia and en- 
codes for the B chain of PDGF. There are two 
PDGP receptors, an a- and a ^-receptor,^ 
The ai-receptor recognizes both the A and B 
chains of PDOF and thus can bind to the AA 
form, the AB form, and the EB form. The ^- 
receptor recognizes only the B chahi, and 
thus binds only to the BE form and weakly 
to the AB form. Moat cells have many times 
more ^-receptors than a-rocoptora. Cella 
with PDGP receptors include fibroblasts, 
vascular smooth muscle cells, and aome mi- 
crovascular endothelial cells. 

PDGF is a mitogen for cells of meaenchy- 
mal origin. PDGF ia a potent chemoattrac- 
tant and mitogen for fibroblaata, amooth 
muacle cells, and infiammatory cells. It also 
acts with TGP-/3 and EGP to stimulate mes- 
enchymal cells. Although PDGP ia produced 
by ondothelial cella. they do not respond to 
PDGP but work in a paracrine manner to 
stimulate adjacent vascular smooth muscle. 
Smooth musclo cells also act in an autocrine 
fashion and produce PDGF. 

PDGPia stabile to extremes of heat, a wide 
range of pH, and degradation by protoaaoa. 
Platolcts are the largest source of PDGP in 
the human body. There are no caaea of a hu- 
man PDGF deficiency state, perhaps sug- 
gesting that PDGF is critical to the survival 
of the individual. 

PDGF has been isolated from tho ct- 
granulea of ptnteleta and haa been produced 
through recombinant DNA technology. In 
animal models, it has been shown to improve 
the brcalcing strength of incisional wounds in 



rats whoa applied topically even as a single 
dose/'" PDGF accelerat^es wound heajinfr. 
however, by 3 montbs» there ia no difference 
in wound healing as compared with un- 
treated woiinds, suggesting that wound heal- 
ing atimulated by PDGF ia quite similar to 
normal healing. Wounds treated with PDGF 
had a marked increaae in neutraphila, mono- 
cytes, and fibroblasts in an animal modeL" 
Thia cellular response leads to Em increase 
in granulation tissue production. Similar 
findings were observed in a rabbit ear exci- 
aional wound model. Despite the fact that 
PDGF does not have a direct effect on Icera- 
tinocyteg, wounds in animala were shown to 
have an increase in epitbeliulization. Tliia 
is due to tho influence of macrophages and 
fibroblaata attracted into the wound by 
PDGP. Wounds in animala treated topically 
with PDGF have an increase in neovascu] ari- 
zation, although PDGP does not directly 
stimulate endothelial cells. Again, tibia ia 
likely related to tho influence of other ceUa 
attracted into the wound by PDGF. Tims it 
appears that PDGP accelerates wound heal- 
ing by accelerating the normal reaponsea. 
The healed wounds appear to be normal in 
all aapecta. 

PDGP has been studied in several clinical 
trials. The eSectiveness of recombinant hu- 
man PDGF-BB in healing decubitus ulcers 
was evaluated in patients treated and fol- 
lowed for 28 days.®* There appeared to be 
greater reduction in wound closure in pa- 
tients treated with PDGF. In another trial, 
patients with decubitliS ulcers were treated 
with PDGP or placebo for X month,^" Tho ul- 
cer volume was significantly reduced in the 
PDGF-treated patients. No significant toxic- 
ity related to ^*DGF was noted in either 
study- A randomised, proHpoctive^ double- 
blind trial of recombinant human PDOF-BB 
was performed in patients with diabetic neu- 
rotrophic foot ulcers." Patients were treated 
with PDGF (at a dose of 2.2 /tg/cm' of ulcer 
area) in vehicle, carboxymethylcellulose, or 
vehicle alone for up to 20 weeks or until com- 
plete wound closure had been achieved. All 
wounds had been present for at least 8 weeks. 
All patients woro free of infection and had 
an adequate blood aupply as demonstrated 
by a transcutaneous oxygen tension (TcPoa) 
of a least 30 mm Hg. Wounda were dobridod 
prior to entry into tho study and as needed 
during the trial. Porty-oight percent healed 
using PDGP, while only 2E% healed using 
vehicle alone (p < O.Ol). The median reduc- 
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tion in wound firea was 98,8% for PDGP- 
treated paticnta but onJy 82.1% for thoee 
treated with velijcle. Thore were oo gifinifi- 
cant difTisrGDciaa m incidence or severity of 
adverse events in either irroup. This was the 
first study to auggeat that a growth factor 
and specifically PDGF, could be apphed topi- 
cally and be effective and safe in promoting 
the heaiing of chronic wounda in hiunana 
Sk^^^^T ^^^^ recombinant human 
PDGF m the treatment of patients with dia- 
betic foot ulcers, PDQF^BB waa found to in- 
creaae the incidence nf complete wound clo- 
sure by 43% aa compared with placebo (p = 
0.007),^ It also decreased the time to achieve 
complote wound closure by 32% (p = 0.013) 
when compared with the placebo gel. Over 
1,000 patients treated with PDGF have been 
reported. It appears to be safe and efficacious 
and 3B now approved for use in the treatment 
of diabetic foot ulcers. It haa been noted that 
those patients receiving the beat wound care 
healed batter when treated with PDGF. De- 
bridement was found to be critically impor- 
taiit.^« The benefits from PDGF wiU not be 
achieved if the wounds are not treated 
properly. 

Vascular Endorheliql Growth Factor 

Vascular endothelial growth factor (VEGF) 
ia quite similar to PDQP. It has a molecular 
weight of 45.000 daltona. Although it hi3s a 
24% ammo acid homology to the B chain of 
PDGF, It binds different receptora than 
PDGF and has di/Torent actions," VEGP is 
a po^nt mitogen for endothelial cella but not 
for fibroblasts or vascular smooth muscle 
cclh as is PDGP. l%us, VEQF is angiogemc 
mid playe a role in wound healing through 
thia joechanism. There has been interest in 
uaitig VEGP to stimulate the development of 
collatarai vessels in patients -with symptom- 
atic arterial ischomic diseaae. VEGF may be 
delivered to tho ischemic area ats a prtitoin 
or through gene transfer. 
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homology between the two moleculea. The 
binding of these molecules to heparin or he- 
paran sulfate may protect them from enzy- 
matic degradation. Both aFGF and bFGF are 
found in the eattracejlular matrix in the 
bound form. Matrijc degradation proteins 
may act to release aPGP or bFGF- Acidic FGF 
ifl tJimflar to endotheliai cell growth factor 
while bPGF is similar to endothelial ceil 
growth factor II. Both aFGF and bFGF are 
flunilar to keratinacyte growth factor. PGFg 
are produced by fibroblasts, endothelial cells 
smooth muscle cells, and cbondrocytcg and 
are mitogens for cells of mesodermal and 
neuroectodcTmal origin. FGFs are also po- 
tent mitogens for endothelial cells and act as 
angiogenesis factors by stimtilating growth 
of new blood vessels through praUferation 
of capillary endothelial cells.s In addition to 
endothelial ceUa, FGPa can stimulate fibto- 
maata, keratinocytoa, chondrocytea, and my- 
oblasta- Multiple different FGP receptors 
have been identified. They appear to have a 
amular function. To date, there ore co cjinical 
tnals that have proven FGF to be gf benefit 
m climcal wound healing. 



Keratinocyte Growth Factor 

p^stinofyte growth factor (KGP) j» related 
to the FGFs, It ia a protein with a molecular 
weight of 28,000 and has a significant amino 
homology with the FGFe.» Although 
KGF 19 found only in Chroblaate, it stimu- 
lates karatmocytes, not /ibroblasta. It may 
shai^e a receptor with FGF- At this time, 
^sre are no clinical trials reported using 
KGP , and its role in human wound healing 
rcraaina to bo defined. 

Transforming Growth Factors 



of 



Fibroblast Growth Foclor 

Fibroblast growth factor is a aeries 
hepann-bound growth factors.^'* There are 
two torme of thie growth factor, acidic FGP 
CaFGF) and basic FGF (bPGP). Both are 
amgle-Btrand molecules with molecular 
weights on5,000. There is a 50% amino add 



TGFs are composed of two polypeDtido 
cbdns, a- and j3,^« TGF-o; has a 30% amino 
acid homology with EGP, It received its name 
because of its ability to reyersibly stimixlate 
the growbh of cella. Cancer coils do this as 
well. TGP-o; is produced by macrophages, 
keratinocyteii, hepatocytae, ooainophileg, 
and other cells. TGF-O! and EGF aro mitogena 
for Iteratinocytea and fibroblasts but TGF-a 
P<itont angiogeneais factor. Both 
TGP-a and EGF bind to the ISGF receptor 
but their epacific actions may be different 
partly due to diiferencey in their binding to 
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the receptor. To date there have been no clini- 
cal trials of wound heaHng with TGP-a. 

TGF-/3 has no amino acid homoloey with 
TGP-a or any other growth factor. 
ia a molGculG with many different jimctiond 
and can stimulate or inhibit the growth or 
differentiation of many different cella. It is, 
thne, in some respects a master growth 
factor. Therd have been three difTerent 
formB of TGF-fl isolated, TGF'/31, TGP-^2, 
and TGF-^3.^ Just aa there ai-e three forma 
of TGF-/3, there are three receptors, al- 
though the three are not equally important. 
TbB actions of the three different forms of 
TGF-y3 are vety aimilar although not exactly 
the game. TGF-^a have a molecular weight 
of upproxiroateJy 25,000. TGF-i3 is a group 
of proteina that can reveraibly inhibit 
growth of cells, especially those of ectoder- 
mal origin, TGF-^ is produced by a variety 
of cells including platelets, macrophages, 
fibroblasts, keratinocyt^es, and lymphoc3rtes. 
Nearly all coHs have receptors for TGF-^ 
and have the potential to respond to it. It 
appears aa if TGF'/3 is the moat widoly 
acting of the growth factors. The TGF-/9s 
are potent stimulators of chemotaxis In in* 
fiammatozy cells and stimulate cells to pro- 
duce e^raceQular matrix. The^e character- 
istics make the faxnily of TGF-^s important 
to the woimd healing procosB. There have 
been trials of TGF-/3 in the treatment of 
psoriasis, but as yet, thero aro no trials 
reported using TGF-/? in human wound 
healing. 



Epidermal Growth Factor 

ICGF is a small molecule quito similar to 
TGF-u, with a molecular weight of 6,200 dal- 
fcons. EGF ia produced by the platelet and is 
present in large amounts in the early stages 
of wound healing. EGF is produced by 5ie 
kidney, salivary glands, and latrimiil glands; 
thcrcforo, it is found in high cqncontrations 
in un'no, saliva, and tears.'' EGF promotes 
opidenna] regeneration and corneal epitheli- 
alization, and incroaaed the tensilo strength 
of wounds in animals. EGF incroasos wound 
healing by stimulating the production of pro- 
teins such as fibronecfcin and Ihe migration 
of opitholial cells. Although EGF doea not 
stimulate collagen production, it incroasos 
tho number of fibroblaats in the wound. 
These coUe produce collagan and improve the 
wuund eirength- EGF has a common receptor 



with TGF-a, EGF has been studied in a ran- 
domized trial of skin grail donor aite healing. 
Treatment of donor sites with silver sulfadia- 
zine containing EGF accelerated epidermal 
regeneration compared with sites treated 
with silver sulfadiazine alone.*' EGF reduced 
the healing time by L 5 days. Although these 
results may not be clinically fiignificant, this 
waa the first trial to suggest a benefit from 
treatment with an isolated growth factor in 
human wounds. EGF waa also used in a pro- 
specMva open label trial in patients with 
chronic wounds.^ Chronic wounds were 
treated with silver sulfadiazine. In this cross- 
over dosing, those who did not heal were then 
treated with silver sulfadiazine containing 
EGF- Many of the patients improved. Tho 
results fipom these atudios suggest that EGF 
may be beneficial in wound healing, although 
there is not adequate proof as yet to confiSn 
this premise 



Insulin-Like Growth Fadors 

IGFb» also called somatomedins, are proteins 
sharing a 50% amino acid homology with pro- I? 
insulin. They have insulin-like activity. The 
two forms of tliis growth factor, IGP-1 and 
IGF-3, are both secreted as large precursor 
molecules, which are cleaved to an active 
form.** IGF- 1 is also called somatomodin-C 
while IGF-2 is simply somatomedin. Many 
tissues synthesize these growth factors. IGF- 
I can be found in the liver, heart) lung, pan- 
creas, brain , and muscle.' Although produced 
by a number of tissues, IGF-2 is particularly 
prominent during fetal development Eind 
plays a.significant role in fetal growth. IGF- 
1 and IGF-2 have separate receptors. The 
actions oC pituitary growth hormone are me- 
diated through IGF-1. Pituitary growth hor- 
mone stimulates cell dilTarentiatioTi and the 
production of IGF-l^ IGF-1 then causes cell 
division. IGF-X is produced mainly in the 
liver. It i9 fo\md in high concentrataoTifl in ^ 
platelets and is released into the wound ' 
space when dot-ting occurs. Levela of lGF-1 
and IGF-2 depend on multiple factors, such 
as age, gender, nutritional status, and hor- 
mone level. Growth hormone regulates IGF- 
1 and IGF-2 levels as does prolactin, thyroid 
hormone, and the sex honnones. Elevated 
levels of somatomedins have been identified 
in patients with acromegaly. 

IGF'l and IGF'2 are anabolic hormones 
that stimulate the synthesis of glycogaii, pro- 
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tein, and glycoeammoglycana- They increaae 
the transport of glucoae and amino acida 
across cell mombranQS. They alfio increase 
collagen synthesis by fibroblaatts. There is no 
clinical evidence to auffgegt these growth fac- 
tors are of benefit in treating wounds, 

Ab previously doscribed, the process of 
wound healing ia cgmplex and involves plate- 
lets and macrophagea. In the first 2 days fol- 
lowing injqry. plateleta control the wound 
apace by way of growth factoiB that they pm- 
duce and release. Following this period, this 
function ia taken over by macrophages. 
Within the ot-granulee of the human platelet 
are unultiple growth ihctors that are released 
when platelets are activated and degranu- 
late. These include PDGF, TGF-J3, FGF 
EGF. platelet factor 4. platelet-derivod angi- 
Qgeneaia factor, and ^-thromboglobulin. 



i^bteler Rejeasates 

A purified platelet releaaate has been pre- 
pared by fltunulating human platelets to re- 
leaae the contents of their ot-granoles by us- 
ing throrubin. Uae of a platelet releasate in 
wound healing has aeveral advantages. 
First, the growth factors* that are releaflcd 
are identical to and in the samo proportion 
as the growth factors normally brought in 
the wound epace by the platelet. Second, 
preparation of a platelet releaaate is rela- 
tively easy and inexpeneive, a£S the platelets 
can be harvested from peripheral blood. They 
readily release the contents of their a- 
granules when stimulated with thrombin. As 
growth factors are preserved in banked 
biood. large amounts can be retrieved from 
the platelets of pooled human blood. There 
arc, however, disadvantages to using a plate- 
Jet releaeato. Not all growth factors promote 
healing of a wound. It geems reasonable to 
aaaume that there is a signal for wound heal- 
ing to stop. Itie likely that this, too, is grOAvth 
factor related. Since the proper concontra- 
tion of a platelet releaaate is uncertain, a 
platelet releaaate might concentrate factors 
promoting healing as well as those that trig- 
ger the wound healing process to end. An- 
other major disadvantage of such a propara- 
tien is that there h the poasihility of 
traasmission of an infectious agont from the 
platelet donor. Tliis could be minimized if 
chR releasate wore harvested from a single 
donor. 



Clinical Trials 

There have been aeveral reports using a 
platelet releaaate in womid healing. A pre- 
liminary report described the use of an 
autologous platelet releasate in six patients 
with chronic lower extremity ulcers firom 
connective tiaaue diseases with minimal 
benefit, A homologous platelet releasate was 
used to treat XI patients with log nlcorg 
from diabetes and eigh.t patients with leg 
ulcers secondary to chronic venous insi^^ 
dency." No benefit was observed from the 
treatment with a platelet releasate. In man- 
aging these patients, treatment of the un- 
derlying disease was not addressed. Growth 
factors cannot be expected to improve 
wound healing unless they are applied in 
a comprehensive wound care program that 
addresses the underlying etiology of these 
wounds such aa diabetes, venous hyperten- 
sion, or ischemia. In another trial, 49 pa- 
tients with chronic nonhealing cutaneous 
wounds were treated with an autologous 
platelet releasatB,^^ There waa some im- 
provement in achieving complete wound 
healing. This was the first clinical trial to 
suggest a benefit from a platelet releaaate 
applied topically to promote the healing of 
chronic wounds. A randomized trial compar- 
ing platelet roleaaate versus a placebo was 
conducted in patients with ulcers sQcondery 
to diabetes, peripheral vascular diseaae, ve- 
nous insufficiency or vasculitis," Although 
this study suggested a benefit from the 
treatment, the growth factor preparation 
was added to microcrystalline collagen, a 
potent stimulator of platelets. The exact 
contribution from tlie collagen to the healing 
of those wounds was not cloar. Two other 
trials suggested a benefit from a platelet 
releasate. In one trial, patients wero treated 
for 3 months with saline and silver eulfadia- 
zinc. Only 3 of the 23 lower extremity 
wounds healed; however, when the platelet 
reloaaate waa then applied, the remaining 
ulcers healed.^ Thirteen patients with dia- 
betic neurotrophic ulcere were ennillod in 
a randomized trial of a platelet releasate 
versus salino piacebo.^^ A benefit waa seen 
in tho«e treated with the platelet releaaate. 
By 20 weeks of thei'apy, five of seven pa- 
tients healed using the platelet releaaate, 
whereas only two of six patients healed 
using the saline placebo. By 24 weoks of 
treatment, another three of six patients in 
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the control group healed, sugg&atiDgthal: the 
platelet r&ie^ate atiiniUated mor^ rapid 
healing but did nut xeaalt in a greater propor- 
tioa of hoaled womida. Another atudy of 70 
patients auggeeted a similar benefit from a 
platelet releasate.^ 

Despite I;hi3 evidence that platelet re)ea- 
aoxeB aro of benefit^ another trial obaerved 
very differ en t results using a bamologouB 
platelet raleaaata. In a randomized, proapec- 
tive, double-blind, placebo-controlled trial, 
topical platelet releaaate was applied to leg 
ulcei*3 due to diabetes, peripheral vascular 
dideaae, or chronic venoua insulQciency. 
Wounde treated with tho platelet releaaate 
worsened, while wounda in the control group 
improved. I* This atudy not only suggeated no 
bonefit froin a platelet releaaate over stan- 
dard care in the management of lower ex- 
tremity ulcers, but In fact intimated that a 
platelet releaaato migbt be detrimental to 
wound healing. 

Although the reaults of the cUnical triala 
using platelet roleaaates have been varied, 
there id some evidence to auggeet that they 
may be of benefit applied topically to lower 
extremity wounda. However, the inconais- 
tency of the reaultfi as well as the concern 
about transmission of infectious agent$ in. 
using a homologoua preparation leaves their 
role in human wound healing undefined. 
Molecules other than growth factors may 
play a role in the heeling of wounda, egpe- 
cially in patients with diabetea. Mice defi- 
cient in inducible nitric oxide synthase 
(iNOS) had a aJower rate of healing of foll- 
thiclcnesg wound? than normal aniraals.^^ 
When given iNOS, the rate of healing re- 
turned to normal. 



Conclusion 

Xn conclusion, growth factors control the 
growth, differentiation, and metaboliam of 
cells. Thus thoy control wound repair and 
maturation, although there are only a hm- 
ited number of reports where growth factors 
have improved wound healing. One isolated 
growth factor, PDGF, does improve healing 
in diabetic ulcers and ia approved for that 
indication. It i$ Ulcely that the actions and 
benefits of growth factors will be defined fur- 
ther. This will allow health care providors to 
control the wound environment to achieve 
complete and durable wound healing in pa- 
tients. 
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